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Relationship of Lignin to Other Chemical
Constituents in Sudan and Millet Forages
L. L. RusoFf / A. S. AcHACoso/ C. L. Mondart, Jr.,^ and F. L. Bonner^
INTRODUCTION
The chemical composition o£ pasture herbage and, correspondingly,
its nutritive value depend primarily on the degree of maturity attained
by the plants at the time of cutting or when grazed. It is also affected by
the extent of fertilizer application, particularly nitrogen. The primary
objective in any study of the chemical composition of forages is to
obtain an indication of its nutritive value. Nutritional experiments or
feeding trials and chemical composition data have attested that as ma-
turity progresses, the nutritive quality is lowered, with the greatest rela-
tive change occurring in the protein and lignin fractions.
Not only does the application of nitrogen fertilizer affect the chemi-
cal composition of forage crops, but it also affects the yield, especially of
the non-legume forage crops.
The percentages of crude protein and crude fiber have generally
been used as criteria for forage quality. However, some investigators
(22, 29, yiy have criticized the validity of the crude fiber fraction in
predicting digestibility and nutritive value since it is a fraction of un-
predictable biological significance and of variable composition. Cramp-
ton and Maynard (22) proposed the determination of lignin, a constitu-
ent in plants which progressively increases with age and is not only un-
available to the ruminant but also has an adverse effect on the availabil-
ity of other constituents. Patton and Gieseker (76) gave further evidence
that more attention be given this substance in forage analyses.
Very limited studies have been made with Sudan and millet forages,
two summer pasture grasses commonly grown in the Southern States.
Chemical composition data on these forages as affected by stages of
maturity and rates of nitrogen fertilization, and also data on the effect
of varying rates of nitrogen application on their yield, are very limited.
Therefore, this study was undertaken in 1958 with Sudan and millet
forages with the following objectives: (1) to determine the effects of
stage of maturity and increasing rates of nitrogen fertilization on the
lignin content and other chemical constituents; (2) to determine the
effect of different rates of nitrogen on silage yield; and (3) to determine
the relationships among lignin, crude protein and crude fiber as af-
fected by these treatments.
iNutritionist, Dairy Department.
2Graduate Assistant, Dairy Department.
^Assistant Agronomist, Agronomy Department.
^Associate Chemist, Feed and Fertilizer Laboratory.
^Italic numbers in parentheses refer to References, Page 29.
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REVIEW OF LITERATURE
A. Nature and Chemistry of Lignin
In light of our present knowledge of lignin chemistry, lignin ma
be defined as that encrusting material of the plant which is built u
mainly, if not entirely, of phenylpropane building units. It carries th
major part of the methoxyl content of the wood, is unhydrolyzable b
acid, readily oxidizable in hot alkali and bisulfite, and readily condense
with phenols and thio compounds (9). Lignin gives rigidity to plants.
L Chemistry of Lignin.—Lignin consists only of carbon, hydroge:
and oxygen. The small amount of nitrogen found in lignin preparation
is probably the result of the presence of a small amount of protei:
which occurs in plants and is hydrolyzed only with difficulty. Its compc
sition changes not only with its source but also with the method usd
in its preparation from the same source, and under different condition:
The theoretical analytical composition has been reported as followj
67.74 per cent carbon, 6.45 per cent hydrogen, 16.67 per cent methox)
and 9.14 per cent hydroxyl (9).
Chemically, lignin isolated from plants is not a single compount
but a group of similar organic substances. These contain methoxyl an(
phenolic groups and aromatic nuclei, and have a carbon-oxygen rati
higher than that of true carbohydrates. Its exact structure still remain
obscure, and a number of structural formulas have been proposed {H
53, 77, 94). Kurschner {53) presented this empirical formula (C2oH220(




CH - CH2 - CH(OH)
-OCH,
^ OCH,
CH - CH2 - CH(OH)
'OCH^
OCH.
CH - CH2 - CH(OH
n-2
FIGURE 1.—Kurschner's formula for lignin.
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2. Formation of Lignin.—The formation of lignin in the plant is
still obscure, and although its chemical structure is as yet unknown,
many suggestions are found in the literature concerning the nature of
the parent substance and the possible mechanisms involved in the syn-
thesis of lignin by the plant. A number of investigators (23, 36, 40) have
suggested that lignin is formed by the plant from cellulose, while others
(31, 50) believe that lignin is formed from pentoses. Rassow and co-work-
ers (87) have pointed out that plant material with high lignin content
has a low content of pentosans or vice versa, thus suggesting that lignin,
at least in part, is built up by plants from pentosans. Phillips and co-
workers (79, 81, 82), in their investigations on the composition of growing
annual plants, found no direct evidence that these plants synthesized lig-
nin from cellulose, pentosans or pectins. They believed that lignin is pro-
duced by the plant directly from glucose or sucrose, the first step being
the production of a substance or substances having firmly bound meth-
oxyl groups which may be formed in the course of splitting up of carbohy-
drates by a process of hydrolysis, oxidation, reduction and dehydration.
B. Determination of Lignin
The goal in the determination of lignin is to isolate lignin quantita-
tively from liquefied materials by the removal of the non-lignin com-
ponents such as cellulose, the hemi-celluloses and other constituents.
(9). The earlier work has been reviewed by Thomas and Armstrong (108)
and Harris (41). The methods for the quantitative determination of lig-
nin can be classified as direct or indirect (78). In the former, lignin is iso-
lated as an insoluble product, with cellulose and other components be-
ing removed by hydrolysis; in the latter, a characteristic group of lignin,
such as methoxyl, is determined and the lignin content calculated by a
suitable factor. A characteristic chemical reaction may also be used, or
the lignin can be removed by suitable oxidation, leaving the non-lignin
components which are weighed and the lignin thus estimated by dif-
ference (9).
The present methods available for the quantitative determination
of lignin in feedstuffs are largely derived from the methods employed in
wood analysis, and are still far from satisfactory, particularly with imma-
ture plants (61). For determinations of lignin in most plants, the direct
methods have usually been preferred (22, 61, 108). However, one must
guard against two possible errors, namely, the degradation of lignin,
and the production of breakdown products capable of condensing with
lignin or of remaining totally insoluble (108). It is toward the prevention
of possible errors due to interfering substances that modifications sub-
sequently applied to original methods have been developed (7, 4, 11, 22,
25, 34, 56, 62, 63, 72, 107).
C. Effect of Maturity on Lignin and Other Plant Constituents
Probably, the most important factor that influences the composition
of a plant is the stage of maturity it had reached when clipped or grazed.
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It is a well-known [act that certain progressive changes in compositioi
are incident to advancement of maturity. This is characterized by rapi(
elongation of the stem during the period immediately preceding bloom
and the resulting changes in the leaf-stem ratio. As the plant matures
the moisture content decreases and the dry matter content increases cor
respondingly. Of the dry matter content, the percentage of crude proteii
(8, 15, 18, 32, 46, 52, 67, 70, 80, 97, 98, 99) decreases, the percentages of lig
nin {5, 26, 30, 59, 68, 69, 74, 75, 76, 79, 82, 81, 84, 85, 93, 96, 101, 104) am
crude fiber (3, 7, 15, 21, 35, 37, 42, 47, 84, 97, 99, 104, 112) increase, th«
percentage of nitrogen-free extract (42, 46, 114) generally increases, anc
the percentages of ash (7, 37, 68, 80, 114) and ether extract (42, 46, 114
remain about the same, although they may be variable.
Studies at the Washington Agricultural Experiment Station {79, 80
81, 82, 83) on the chemical composition of several grasses at differen
stages of growth have shown that the percentage of lignin increases in i
regular manner. Sosulski and co-workers {96) found that the lignin con
tent of the plant parts of the grasses studied increased continuously fron
the early pasture or boot stage to flowering, depending on the species
Other investigators (5, 85, 101) found the same trend up to the flowering
stage, followed by a marked increase in rate up to seed formation.
D. Effects of Rate of Nitrogen Fertilization on Lignin, Other Plant
Constituents and Yield of Forage Crops
Nitrogen fertilization has been shown to affect the chemical compo
sition, yield and nutritive value of forage plants {2, 10, 13, 43, 44, 45, 51
60, 65, 66, 74, 86, 88, 92, 103, 111). Most of the early work has beer
conducted primarily to study the effect of varying rates of nitrogen on
yields of dry matter and crude protein, and also on the percentage oi
protein. It has been shown that the application of nitrogen fertilizer to
pure stands of grass has increased yields of grasses on most soils. Broyles
and Fribourg {10), in their study to determine the effects of three nitro-
gen-fertilization levels and four cutting intensities on the forage yields
and nitrogen contents of four summer annual grasses, found a corre-
sponding increase in dry matter yields with increases in nitrogen appli-
cation from zero to 120 pounds. Similar results were reported by several
workers in Puerto Rico {91, 110, 111). Vicente-Chandler and co-work-
ers {111) found increases in yields of napiergrass, paragrass and guinea-
grass up to the 800-pound level. Results obtained by Mondart and Owen
{60) in 1957, on a rate-of-nitrogen test on Sudan grass and millet, showed
increases but no significant differences in yield of silage among rates
of nitrogen treatments.
In Scotland, studies {43, 44, 45) on the effects of massive applications
of nitrogen, with and without phosphate and potash, on yield and
chemical and botanical composition of grassland herbage showed sig-
nificant linear relationship between the quantity of nitrogen applied
and the average crude protein content of the herbage. This was attrib-
6
uted to an increase in leaf-stem ratio toward the end of the season.
Results also indicated an inverse relationship between per cent dry
matter and the quantity of nitrogen applied. Other workers (12, 14, 16,
17, 24, 55) obtained similar results.
The effect of nitrogen on the percentage of structural components
is variable. Norman (70) found no appreciable difference in the lignin
content of orchard grass from fertilized and unfertilized plots. Lignin
increased from an initial 7.9 per cent to 12.1 and 12.4 per cent in the
unfertilized and fertilized plots, respectively. In a 9-year study with
pasture plants in Virginia, Eheart and EUett {28) found no significant
difference in the percentage of crude fiber in fertilized and unfertilized
forages when nitrogen was applied at different rates up to 150 pounds
per acre. However, at the first cutting for all years, crude fiber percentages
were significantly higher in grasses from fertilized plots than in those
obtained from unfertilized check plots. Increase in percentage of ether ex-
tract with each fertilizer level and cutting, and decreases in percentage of
nitrogen-free extract in all treatments except the 50-pound level were
obtained.
Knox and co-workers (5i) studied the effects of all combinations of
fertilizers supplying nitrogen at 0, 100, 300, 600 and 900 pounds per
acre annually in two applications, and cutting at intervals of 2, 3, 4, 6
and 8 weeks on a pure stand of Coastal Bermuda grass. It was found
that the lignin content decreased with cutting intervals of 2 or 3 weeks
as application of nitrogen increased. The reverse was obtained with
cuttings at 6 or 8 weeks; with an application of 100 pounds of nitrogen
the grass had no more lignin than when it was 2 or 3 weeks old. When
more nitrogen was added, lignin increased with age.
E. Interrelationship between Lignin and Other Constituents
In the production of high-quality forage, it is very important to
know the relative changes that occur in plants during growth. The up-
ward trends of lignin, crude fiber and cellulose, and the downward
trends of crude protein, ether extract and acid-insoluble ash point to
the probability of a close relationship among these constituents. Results
(84, 104) obtained at the New Hampshire Agricultural Experiment Sta-
tion have shown highly significant positive correlation among constitu-
ents within each group and a significant negative correlation between
any two constituents of the different above groups. Watkins and Kearns
{113) found an average correlation of 0.84 between crude fiber and lignin
contents of the grasses studied.
F. Effect of Lignin on Nutritive Value
Because forage plants contain relatively large amounts of lignin
which increases with maturity, changes in this constituent have been
considered as a partial explanation of the lowered feeding value of






































































































































































100, 102, 103, 106) have shown that lignin in plants is not only practically
indigestible but also decreases the availability of other constituents.
Patton and Gieseker (76) claimed that lignin acts as a physical barrier
to the microorganisms and fauna of the rumen, impeding the digestion
of the cytoplasm it occludes. Several investigators {33, 54, 58, 59, 83, 89,
90) have shown high negative correlations between lignin and dry matter
digestibility, and lignin and total digestible nutrients. However, Richards
and co-workers {90) found a significant positive correlation between
lignin and dry matter digestibility. The values obtained by several in-
vestigators are summarized in Table 1.
Effect of nitrogen fertilization on yield of millet and Sudan. Left to right:
240 lbs., 0 lbs., and 60 lbs. nitrogen per acre.
MATERIALS AND METHODS
A. Description of Forage Used
1. Tift Sudan.— This variety was developed and increased at the
Coastal Plain Experiment Station in Georgia in 1936. It matures slightly
later than other Sudan grass varieties and tends to develop slower than
common Sudan. It is highly resistant to diseases and is best adapted
to the humid Southeastern United States and parts of Texas. Certified
seed are available.
2. Common Millet.—Common pearl millet, sometimes called cattail
millet, is not a specific variety but is commercial seed with no varietal
identity. Different seed lots may vary in yield and other characteristics.
Pearl millet is upright in growth and will normally attain a height of
9
6 to 10 leet at maturity. The stems are coarse and grow in thick clumpi
Leaves are normally about one inch wide and two to three feet long.
3. Gahi-1 Millet.-This was developed by the Georgia Coastal Plai
Experiment Station. Four inbred lines were involved in the productioi
of this hybrid. It is characterized by good seedling vigor and is leafiei
later maturing and more productive than common cattail millet. It ha
good recovery after grazing. It was released in 1958, cooperatively by th
Georgia Coastal Plain Experiment Station and U.S.D.A., ARS. Certifiet
seed are available.
B. Planting of Forage and Rate of Fertilizer Application
This experiment was designed as a split-plot with four replications
The plots were 10.5 feet by 14 feet and were divided into three rows o
3.5 by 14 feet. Tift Sudan, common millet and Gahi-1 millet were plant
ed on June 5, 1958, at the same planting rate based on the number o
pure live seed and were treated with 0, 30, 60, 120 and 240 pounds o
nitrogen per acre. Half of the allotted nitrogen and 600 pounds o
0-14-14 were applied in the drill before planting. The remainder of the




Forage for Chemical Analyses and Harvesting for Silag<
Forage samples for analysis were obtained from the two guard row
on each treatment. The first cutting on all treatments and varietie
was made when the plants attained a height of 30 to 35 inches. Sub
sequent cuttings were made at 10-day intervals until the plants hac
seeded out. The plants were cut back to a 6-inch stubble with the use
of a hand clipper. Sampling dates of forages are shown in Table 2, and
the average heights attained by the plants at each cutting are presented
m Table 3. The center rows on all treatments were harvested for yield
when they reached the silage stage, or approximately at the stage between
boot and full bloom.
The fresh cut samples were weighed on a field scale shortly after cut-
ting, then chopped and placed in cloth bags for drying in a forage
dryer at 65° C. The dried samples were allowed to stand at room tem-
perature before air-dry weights were taken. The samples were then
TABLE 2.—Sampling Dates of Forages
Rate of Date of Cutting
Nitrogen
(lb. /acre) First Second Third Fourth Fifth
0 7- 9-58 7-19-58 7-29-58 8- 8-58 8-18-58
30 7- 5-58 7-15-58 7-25-58 8- 4-58 8-14-58
60 6-30-58 7-10-58 7-20-58 7-30-58 8- 9-58
120 6-30-58 7-10-58 7-20-58 7-30-58 8- 9-58
240 6-30-58 7-10-58 7-20-58 7-30-58 8- 9-58
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TABLE 3.—Average Height of Plants at Time of Cutting
Rate of Nitrogen (Lb. /Acre)
Cutting 0 30 60 120 240
Tift Sudan
First 32.2 30.2 31.8 34.0 36.5
Second 43.7 45.7 46.7 46.7 50.5
Third 57.7 59.0 60.0 63.2 62.7
Fourth 69.7 72.2 74.2 78.5 80.5
Fifth 75.5 77.2 80.2 83.2 82.7
Gahi-1 Millet
First 27.7 31.2 29.5 29.5 34.2
Second 39.7 45.0 41.0 45.0 47.0
Third 61.0 63.5 65.5 65.7 68.0
Fourth 69.7 74.5 84.5 86.7 97.0
Fifth 73.5 82.0 88.0 100.2 106.0
Common Millet
First 31.5 32.7 29.0 33.5 36.0
Second 45.5 47.2 44.2 49.2 50.5
Third 53.5 63.2 64.5 68.2 69.0
Fourth 64.7 63.2 80.0 81.7 87.7
Fifth 63.7 60.7 79.0 82.0 85.5
ground in a Wiley mill to pass a 20-mesh sieve. Aliquots from each
sample were stored in sealed bottles for chemical analyses.
D. Methods of Analysis
Percentages of moisture, crude protein, crude fiber, fat and ash of the
forage samples were determined according to the procedures recom-
mended by the Association of Official Agricultural Chemists (6). Nitro-
gen-free extract was obtained by difference. The lignin content was
determined on the dried samples using a slight modification of the
procedure of Moon and Abou-Raya (63) on the determination of "total
lignin." The procedure in this study involved the following: One-gram
samples, in quadruplicate, were weighed and each wrapped individually
with Whatman filter paper No. 42. The samples were extracted with a
1:2 ethanol-benzene mixture in a large Soxhlet apparatus for 30 hours,
then exposed to room temperature to allow the ethanol-benzene mixture
to evaporate before they were placed in the oven to dry. The dried resi-
dues were carefully transferred into Phillips beakers (250-ml.) for incu-
bation overnight (18 hours) at 40° C. with 1 per cent pepsin in O.IN
hydrochloric acid (40 ml. per gram of original material). The samples
were filtered through an asbestos mat with the aid of suction, then
washed with hot water and dried with small portions of alcohol and
ether. The dried material, including the asbestos mat, was transferred
back to the Phillips beakers and digested with 72 per cent sulfuric acid
(30 ml. per gram of original material) at 20° C. for 2 hours with occa-
sional stirring. The resulting mixture was then diluted up to six volumes
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with water and immediately filtered, washed with O.IN hydrochlori
acid, alcohol and ether. The dried residues were transferred into 600-m
beakers and refluxed with approximately 200 ml. of 3 per cent sulfuri
acid for 2 hours, finally filtered while hot and washed with hot watei
alcohol and ether. The dried residues were carefully transferred int
crucibles for drying in an oven overnight at 100° C. Ash-free lignin wa
determined on two sample residues by loss on ignition at 600° C. Th
other two residues were analyzed for nitrogen in lignin using 4 pe
cent boric acid to receive nitrogen (6). Ash-free lignin was then corrects
for nitrogen to obtain corrected lignin values.
E. Statistical Analysis
The analysis of variance as outlined by Snedecor (95) was used ti
evaluate the effects of rates of nitrogen application and cutting on lignii
and other chemical constituents, and also the effects of rate of nitrogei
application on yield of forage for silage. Duncan's multiple range tes
(27) was employed when significant differences were obtained to detec
where the differences existed. Correlation coefficients (93) were de
termined to examine the relationships among lignin, crude protein
crude fiber and dry matter.
RESULTS AND DISCUSSION
A. Chemical Composition of Sudan and Millet Forages as Affected
Stage of Maturity and Rate of Nitrogen Application
The data on the chemical composition of Tift Sudan and commoi
and Gahi— 1 millets at different stages of growth and rates of nitrogei
fertilization are given in Tables 4 to 10, inclusive. All results are reportec
on the dry-matter basis. Analysis of variance on each constituent is giver
in Appendix Tables la through 7a, and Duncan's multiple range tes
on the means is shown in Appendix Table 8a.
1. Stage of Maturity.—It has been shown in the literature that stag(
of maturity accounted for marked changes in the chemical compositior
of forage plants.
a. Lignin.—Tsihle 4 shows that the lignin content of the forages pro
gressively increased as the plants matured. On the average, lignin in
creased from 3.23 per cent to 6.72 per cent on the first and fifth cuttings
respectively. Analysis of variance as shown in Appendix Table la reveal;
that a highly significant difference existed in the lignin content of the
plants at successive cuttings. However, Duncan's test (Appendix Table
8a) on the means showed no significant difference between the values a1
the third and fourth cuttings. The greatest increase was obtained at the
third cutting, a period characterized by rapid stem elongation. Increases
in lignin content as maturity progresses has been reported in the litera
ture by a number of investigators. Studies (84) at the New Hampshire
Station showed an average increase from 3.38 to 7.35 per cent in the lig-
nin content of several grasses at the vegetative and dough stages, re-
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TABLE 4.—Average Lignin Content of Sudan and Millet Forages at Different Stages
of Growth and Rates of Nitrogen Fertilization (Dry Matter Basis)
Cutting
Rate of Nitrogen (Lb. /Acre)
Average0 30 60 120 240
Per Cent. . . .
Tift Sudan
First 3.56 3.42 2.88 2.44 2.56 2.97
Second O.Oi) TT.OO 3.69 3.49 ^ QQ
Third 4.19 3.94 5.33 5.67 5.41 5.12
Fourth 6.40 6.62 5.73 6.27 7.52 6.51
Fifth 7.42 8.31 6.94 6.03 7.22 7.18
A vpira CTpjlIl V v^i ac^v. 5.08 5.53 4.91 4.78 5.45 5.15
Gahi-1 Millet
First
Q OA3.24 2.69 3.15 3.03 3.86 3.19
Second o.oo 2.96 3.52 O.OU O.OD
Third 5.11 4.77 5.86 5.41 5.52 5.33
Fourth 5.02 6.07 5.70 6.55 7.09 6.09
Fifth 5.16 6.90 5.81 6.59 7.45 6.38
Average 4.52 4.86 4.70 5.02 5.54 4.93
Common Millet
First 3.16 3.40 3.50 2.54 A nn 3.52
Second 4- fiS 3.82 3.64 4 99
Third 5.19 5.52 4.83 6.16 6.76 5.69
Fourth 5.73 5.79 6.74 6.87 6.34 6.29
Fifth 6.18 6.99 6.66 6.38 6.81 6.60
Average 4.99 5.21 5.11 5.12 5.90 5.27
Average
First 3.32 3.17 3.18 2.67 3.80 3.23
Second 4.21 4.20 3.49 3.55 4.32 3.95
Third 4.83 5.08 5.34 5.75 5.90 5.38
Fourth 5.72 6.16 6.06 6.56 6.98 5.62
Fifth 6.25 7.40 6.47 6.33 7.16 6.72
Average 4.87 5.20 4.91 4.97 5.63
spectively. A similar relationship was also obtained in studies (75, 76)
with Montana grasses. Results (57) at the Georgia Experiment Station
on Bermuda grass fertilized with 600 pounds of nitrogen per acre showed
that lignin increased from 9.45 per cent to 12.05 per cent with an increase
in age from 2 to 8 weeks. Vicente-Chandler et al. (HI) also reported
similar increases with three tropical grasses fertilized with 800 pounds of
nitrogen.
h. Crude Protein—The percentage of crude protein (Table 5) de-
clined significantly (P<.01) at each successive stage of cutting, as was
expected. The mean value dropped from 13.1 to 5.9 per cent at the first
and last cuttings, respectively, with a relatively small decline in all
three forages at the first two cuttings. The observed decline at the first
two cuttings is in agreement with the results of Armstrong et al. (5) on
cocksfoot and ryegrass. However, studies by several investigators (8, 67,
84, 114) on several grasses at successive stages of growth showed a more
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TABLE 5.—Crude Protein Content of Sudan and Millet Forages at Different Stag<
of Growth and Rates of Nitrogen Fertilization (Dry Matter Basis)
Rate of Nitrogen (Lb. /Acre)
Cutting 0 30 60 120 240 Average
Per Cent.
Tift Sudan
First 11.8 10.8 11.7 13.4 18.7 13.3
Second 9.4 13.5 12.7 15.0 . 15.0 13.1
Third 6.6 8.9 12.2 14.4 15.5 11.5
Fourth. 5.5 7.2 8.4 10.0 11.5 8.5
Fifth 5.9 6.2 6.1 7.9 9.4 7.1
Average 7.8 9.3 10.2
Cahi— 1 Millet
12.1 14.0 10.7
First 11.7 10.4 13.8 13.8
1 O Q18.3 13.0
Second 8.3 10.1 12.8 14.6 16.5 12.5
Third 5.7 6.8 10.0 12.9 16.6 10.4
Fourth 6.0 5.9 6.8 7.2 10.0 7.2
Fifth 5.4 4.6 4.5 5.2 7.7 5.5
Average 7.4 7.6 9.6
Common IS'Iillet
10.7 13.8 9.8
First 1,0.7 9.2 11.2 14.4
1 Q 1lO.l l4.0
Second 8.5 10.5 14.4 1 Q 1 ID.L 1 1 Q1 i.y
1 1111 LI 6.3 8.3 10.0 14.5 9.1
Fourth 4.3 5.0 6.6 6.7 8.8 6.3
Fifth 4.9 4.7 4.8 5.3 6.6 5.3
Average 7.0 7.1 8.7.
Average
9.5 12.6 9.0
First 11.4 10.1 12.2 13.2 18.4 13.1
Second 8.7 11.4 12.6 14.2 15.5 12.5
Third 6.2 7.3 10.2 12.4 15.5 10.3
Fourth 5.3 6.0 7.3 8.0 10.1 7.3
Fifth 5.4 5.2 5.1 6.1 7.9 5.9
Average 7.4 8.0 9.5 10.8 13.5
rapid decline at the earlier stages, probably as a result of a period oj
rapid stem elongation.
c. Crude Fiber—The effect of advancing maturity on crude fiber h
shown in Table 6. On the average, crude fiber increased up to the fourth
cutting (25.4 to 34.8 per cent), with the increases at each successive stage
being highly significant. This was followed by a significant decline (34i
to 33.5 per cent) at the fifth cutting, which was probably due to the
formation of seeds. The observed decline is in agreement with results ob
tained in a study (84) at the New Hampshire Agricultural Experiment
Station on grasses up to the seed dough stage.
d. Dry Matter, Nitrogen-pee Extract, Ether Extract and Ash—Tht
percentages of dry matter, nitrogen-free extract, ether extract and ash
are presented in Tables 7, 8, 9, and 10, respectively. Highly significant
increases (P<.01) in dry matter content (Appendix Table 4a) were ob-
tained at each successive cutting on all treatments, with the greatest
14
TABLE 6.—Crude Fiber Content of Sudan and Millet Forages at Different Stages
of Growth and Rates of Nitrogen Fertilization (Dry Matter Basis)
Cutting
Rate of Nitrogen (Lb. /Acre)
Average0 30 60 120 240
Per Cent
Tift Sudan
First 26.8 25.8 23.6 23.9 17.0 23.4
Second 25.8 25.9 24.2 40.
0
4/ .4
Third S2 1OA. I 32.0 30.1 30.7 30.7 31.1
Fniirfh 33.8 35.5 32.9 33.8 33.7 33.9
Fifth 35.5 36.2 34.0 32.7 32 4 34 2
31.9 31.1 29.3 29.1 28.5 30.0
Gahi-1 Millet
First 27.6 27.6 25.4 28.0 25.6 26.8
Second OA.O 28.5 27.7 28.4 40.
u
40.^
Third 34.2 34.5 35.4 33.6 32 7 34.1
Fourth 33.0 37.3 36.5 36.5 32.7 34.1
Fifth 37.7 36.8 34.9 36.3 34.4 36.0
33.0 32.9 32.0 32.6 31.0 32.3
Common Millet




Third 33.3 36.3 36.1 35.4 36.2 35.5
Fourth 30.4 33.9 36.6 35.8 35.4 34.4
Fifth 29.6 31.0 30.7 30.8 29.5 30.3
A vPVJicrpjTx. V \-1 Clfif 31.2 31.3 31.5 31.0 30.9 31.2
Average
r irst 91 9 26.5 25.0 25.9 9944. 9^ 4
Second 33.2 27.9 2/.
3
4D.O 27.3 28.4
Third 33.2 34.3 33.9 33.2 33.2 33.5
Fourth 32.4 35.6 35.3 35.4 35.4 34.8
Fifth 34.3 34.7 33.2 33.3 32.1 33.5
Average 32.0 31.8 30.9 30.9 30.1
increase obtained at the last cutting. After an initial decline. nitrogen-
free extract also followed a similar trend. On the other hand, the ether
extract and ash contents in all three forages declined as the plants ma-
tured. These results conform with the findings of other investigators
(4, W).
It can be seen in Tables 4 through 10 that the chemical constituents
of the forages studied were affected by stages of growth (cutting), re-
gardless of nitrogen treatments.
2. Rate of Nitrogen Fertilization.—According to the literature, va-
rious levels of nitrogen have been shown to affect the chemical composi-
tion of forage plants.
a. Lignin—The lignin content of the forages (Table 4) increased
significantly (P<.01) with increasing levels of nitrogen, with an average
of 4.87 per cent and 5.63 per cent on forages receiving 0 and 240 pounds
of nitrogen per acre, respectively. These increases might probably be due
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TABLE 7.—Dry Matter Content of Sudan and Millet Forages at Different Stage]
of Growth and Rates of Nitrogen Fertilization
Cutting
Rate of Nitrogen (Lb. /Acre)
-
Average0 30 fin 1 90 240
Per Cent ....
Tift Sudan
First 1 ^ Q1 O.I/ 19 1 11.6 11.6 111 19 0
Second 15.4 14.1 14.3 14.5 14.5 14.6
Third 18.6 20.1 18.4 15.2 18.5 18.2
Fourth 23.1 23.1 22.0 18.4 22.1 21.7
Fifth 28.0 23.3 30.0 27.5 27.6 27.3
Average 19.8 18.5 19.3 17.4 18.8 18.8
Gahi-1 Millet
First 14 7It:. / 1 9 7 9.6 10.0 1 1.3 1 1.6
Second 15.6 13.8 13.4 13.1 13.2 13.8
Third 16.9 17.0 14.9 14.8 15.4 15.8
Fourth 23.1 18.6 18.4 18.5 18.2 19.4
Fifth 25.6 25.7 23.3 25.3 27.6 25.5
Average 19.2 17.6 15.9 16.3 27.6 25.5
Common Millet
First 1 1 .u 19 7 10.0 10.6 10.7 11.1
Second 17.0 15.5 12.8 15.9 11.9 14.6
Third 18.7 21.8 18.6 16.8 15.3 19.3
Fourth 23.1 23.0 22.2 18.3 25.7 22.5
Fifth 27.6 27.7 30.0 32.3 32.5 30.0
Average 19.6 20.2 18.7 . 18.8 19.2 19.3
Average
First 13.4 12.5 10.4 10.7 11.0 11.6
Second 16.0 14.5 13.5 14.5 13.2 14.3
Third 18.1 19.7 17.3 15.6 16.4 17.4
Fourth 23.1 21.6 20.9 18.4 22.0 21.2
Fifth 27.1 25.6 27.8 28.4 29.2 27.6
Average 19.5 18.8 18.0 17.5 18.4
to the production of bigger stems to support more vigorous growth of
leaves. Studies by Phillips et al. (81) on the lignin content of wheat
showed an increase from 14.54 to 15.82 per cent lignin when 300 and 600
pounds of nitrogen were applied early in growth, and from 14.25 to 14.77
per cent when the nitrogen was applied at heading time. Plants receiving
no nitrogen contained 13.64 per cent. Knox et al. (31) at the Georgia
Experiment Station showed that 8-week-old Bermuda grass treated with
up to 100 pounds of nitrogen had no more lignin than Bermuda grass 2
or 3 weeks old, but when more nitrogen was applied, the lignin content
increased with age.
Appendix Table 8a shows that plants on the highest nitrogen treat-
ment had significantly higher lignin contents than those at the lower
levels. There were no significant differences among the lignin values at
the 0-, 30-, 60- and 120-pound levels. Results obtained by Knox and
co-workers (57) showed that when Bermuda grass was clipped at 2-week
16
TABLE 8.—Nitrogen-Free Extract Content of Sudan and Millet Forages at Different
Stages of Growth and Rates of Nitrogen Fertilization (Dry Matter Basis)
Cutting
Rate of Nitrogen (Lb. /Acre)
Average0. 30 60 120 240
. . Per Cent . . .
Tift Sudan
First rO.T: 4-7 7 51.9 49.6 Fin 7
Second 44.1 44.6 46.7 46.9 41.5 44.8
Third 48.0 46.1 44.7 42.7 41.5 44.6
Fourth 48.5 45.2 46.4 44.8 44.9 46.0
Fifth 46.6 51.1 50.0 49.5 49.5 49.3
Average 46.7 46.9 47.9 46.7 45.6 46.9
Gahi-1 Millet
r irst 43.9 43.9 44.8 41.0 38.9 42.5
Second 45.6 44.6 41.1 40.3 43.9 43.1
Third 47.2 45.6 41.2 39.8 39.4 42.6
Fourth 48.8 44.7 45.2 45.6 42.6 45.4
Fifth 44.9 48.5 49.9 49.3 49.5 48.4
Average 46.1 45.5 44.4 43.2 42.9 44.4
Common Millet
First 46.3 46.3 51.9 46.1 41 fi 46.4
Second 41.3 43.3 43.7 43.4 41.0 42.5
Third 48.0 45.6 43.9 43.9 38.7 44.0
Fourth 53.8 50.4 46.6 . 47.1 46.6 48.9
Fifth 54.5 53.2 55.4 55.3 56.0 54.9
Average 48.8 ' 47.8 48.3 47.2 44.8 47.3
Average
First 45.5 46.0 49.5 45.6 43.7 46.1
Second 43.7 44.2 43.8 43.5 42.1 43.5
Third 47.7 45.8 43.3 42.1 39.9 43.7
Fourth 50.4 46.8 46.1 45.8 44.7 46.7
Fifth 48.7 50.9 51.8 51.4 51.7 50.9
Average 47.2 46.7 46.9 45.7 44.4
intervals, increasing rates of nitrogen decreased the lignin content of
the harvested forages, but at 6- and 8-week intervals, lignin tended to
increase with increasing increment of nitrogen.
b. Crude Protein—The increase in crude protein content of the for-
ages was linear up to 240 pounds of nitrogen per acre (Table 5). Crude
protein averaged 7.4, 8.0, 9.5, 10.8 and 13.5 per cent at each increas-
ing level of nitrogen application. These differences were statistically sig-
nificant at the 1 per cent level of probability. Plants fertilized with 240
pounds of nitrogen had 82 per cent more protein than the control plants.
Broyles and Fribourg (10) also showed corresponding increases in the
percentages of crude protein of harvested Sudan grass and millet for-
ages, with increases in nitrogen application from 0 to 120 pounds per
acre.
c. Crude Fiber.—The effect of nitrogen fertilization on the crude fiber
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TABLE 9.—Ether Extract Content of Sudan and Millet Forages at Different Stages
of Growth and Rates of Nitrogen Fertilization (Dry Matter Basis)
Rate of Nitrogen (Lb. /Acre)
Cutting 0 30 60 120 240 Average
. . . Per Cent. . . .
Tift Sudan
First o.u ^ 1 9 7A./ 9 7A./ 9 QA.y o.u
S> ^A'O 9 4 ^ 9O.A 9 FiA.O 9 7A. /
Third 9 4 9 8 9 ftA.O 9 ftA.O 9 7A. / 9 7
9 R 9 7A. / 9 7A. / 9 9A.
A
9 fiA.O
Fifth 2.6 2.3 2.5 2.5 2.3 2.4
Average 2.6 2.6 2.8
Gahi-1 Millet
2.8 2.5 2.7
First 1 Q1 .17 9 PiA.J 9 4 9 Q 0.
1
9 fiA.O
OCCUIILI 9 0 9 9 Q 9 4 O.o 9 7A./
Third T Q 1 ft1 .o 9 ^?A.O 9 ^A.O 9 9A. 9 1A. 1
Fourth 1 71. / 1 ft1 .0 9 nA.U 9 PiA-J 9 RA.O 9 1A. 1
Fifth 1.9 1.7 1.6 1.5 1.7 1.7
Average 1.9 2.0 2.2
Common Millet
2.3 2.7 2.2
x" irst 9 1 9 4 9 8A.O 9 fiA.O 9 6A.U 2 5A.O
1.4 O.J 9 9A-A 9 P>A.O 2 2A. 2.3
1 llilU i .o 1 71 . / 9 nA.U 1 71 . / 1.8 1.8
r UUl Lll 1 71./ 1 .J 1 .y 9 Q 2 2A. 2.0
Fifth 2.0 1.6 1.8 1.7 1.8 1.8
Average 1.8 2.1 2.1
Average
2.3 2.1 2.1
First 2.5 2.7 2.6 2.7 2.9 2.7
Second 1.9 2.7 2.8 2.7 2.8 2.6
Third 2.0 2.1 2.4 2.3 2.2 2.2
Fourth 1.9 2.0 2.1 2.7 2.3 2.2
Fifth 2.2 1.9 2.0 1.9 1.9 2.0
Average 2.1 2.2 2.4 2.5 2.4
content of the forages is presented in Table 6. It is evident that crude
fiber decreased significantly from 32.0 per cent at the 0 level to 30.1
per cent at the highest level of fertilization. However, there were no
significant differences between the values obtained at 0 and 30 pounds,
and among those obtained at 30-, 60- and 120-pound levels (Appendix
Table 3a). The observed decline in crude fiber is in agreement with re-
sults obtained by Ramage and co-workers (86) in their study with
orchard-grass.
d. Dry Matter, Nitrogen-free Extract, Ether Extract and ^45/^.—Increas-
ing nitrogen rates up to 120 pounds per acre decreased the dry matter
content of the plants (Table 7) from 19.5 per cent at the 0 level to 17.5
per cent. Plants receiving 240 pounds of nitrogen per acre contained 18.4
per cent dry matter. Statistical analysis (Appendix Table 4a) showed
highly significant differences among the dry matter values at each level
of nitrogen. However, there was no significant difference between the
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TABLE 10.—Ash Content of Sudan and Millet Forages at Different Stages of Growth
and Rates of Nitrogen Fertilization (Dry Matter Basis)
Rate of Nitrogen (Lb. /Acre)
Cutting 0 30 60 120 240 Average
Per Cent
Tift Sudan
First n.4 12.6 10.1 10.4 10.7 11.0
Second 12.7 13.7 11.5 10.6 12.4 12.2
Third 10.9 10.2 10.2 9.4 9.4 10.0




n A A O 1 A
/ .4 AO.t: 7 n
Average inn inn O Q
Gahi-1 Millet
Q 9. Q ^y.o Q Q
First 14.9 15.6 13.6 14.3 14.1 14.5
Second 11.4 14.3 15.5 14.3 10.8 13.3
Third 11.0 11.3 11.1 11.4 9.1 10.8
Fourth 1 n e 1 n 9 y.o 7 7I.I Q 9y.4
iirth 1 n 1lU.l Q 1y.i 7 7 7 o.t:
Average 1 l.o ionl4.0 1 1 Q1 1 .5
Common Millet
1 1.4 Q 7y. / 1 1 91 1 .4
First 13.8 16.0 8.2 13.3 12.7 12.8
Second 13.2 13.5 13.5 13.9 13.4 13.5
Thirrl1 1111 u. 10 7 10.1 Q 7 o.o Q 7y./
Fourth 9.8 9.2 8.7 7.5 7.0 8.4
Fifth 9.0 9.5 7.3 6.9 6.1 7.8
Average 11.3 11.7 9.5
Average
10.1 9.6 10.4
First 13.4 14.7 10.6 12.7 12.5 12.8
Second 12.4 13.9 13.5 12.9 12.2 13.0
Third 10.9 10.5 10.3 9.9 10.1 10.0
Fourth 10.1 9.7 9.3 8.1 7.5 8.9
Fifth 9.5 7.4 7.9 7.3 6.4 7.7
Average 11.2 11.2 10.3 10.2 9.5
values obtained at the 0- and 30-pound levels, those at 30, 60, and 240
pounds and those at 60, 120 and 240 pounds (Appendix Table 8a).
On the average, nitrogen-free extract and ash also decreased with in-
creasing levels of nitrogen, as shown in Tables 8 and 10, respectively. The
values for nitrogen-free extract at the fifth cutting tended to increase,
while those of ash were variable at the first two cuttings as nitrogen
levels were increased. No significant effect was obtained on ether extract:
however, the values tended to decrease (Table 9).
Tables 4 through 10 show that increasing levels of nitrogen fertiliza-
tion also influenced the chemical composition of the forages studied.
B. Yield of Forage as Affected by Rate of Nitrogen Application
The results on the yield of silage in tons per acre of Sudan and millet
forages treated with varying rates of nitrogen are given in Table 11.
Statistical analysis (Appendix Table 9a) showed highly significant dif-
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TABLE 11.—Silage Yields o£ Sudan and Millet Forages with Varying Rates of Nitrogei
Rate of
Nitrogen Variety
(Lb./ Acre) Tift Sudan Common Millet Gahi-1 Mille
Tons per Acre
0 * 5.96 7.13 8.93
30 7.36 8.90 15.08
60 9.44 14.74 21.41
120 12.12 16.04 24.46
240 12.34 21.08 29.25
ferences among varieties and among nitrogen treatments. The interac
tion between varieties and nitrogen rates was also highly significant
Duncan's multiple range test (Appendix Table 10a) showed that Gahi-1
millet produced a significantly higher silage yield than Tift Sudan grass
and common millet at all levels of nitrogen except the 0-level. Gahi-1
millet fertilized with 30 pounds of nitrogen produced as much as com
mon millet treated with 120 pounds, and significantly (P<.05) more
than Tift Sudan at the 240-pound level. Above the 30-pound nitrogen
level, common millet was significantly better than Tift Sudan for silage
yield.
The silage yield of Gahi-1 millet was increased significantly by each
increased rate of nitrogen. Up to the 60-pound level, an increase of 0.21
ton of silage above the 0-pound level was obtained per pound of nitro-
gen. There was no difference in yield between the 60- and 120-pound
levels.
The yield of common millet was not increased significantly by the
addition of 30 pounds of nitrogen. However, the production at the 60-
pound level was significantly higher than those obtained at the 0- and
30-pound levels. No significant difference in yield was obtained with
common millet treated with 60 and 120 pounds of nitrogen. There was
a significant increase in yield at the 240-pound level.
The yield of Tift Sudan grass showed no significant difference among
the 0-, 30-, and 60-pound levels, nor among the 60-, 120-, and 240-pound
levels. Tift treated with 120 and 240 pounds produced significantly high-
er yields than the check and 30 pounds.
In 1957, Mondart and Owens {60) found no significant differences
among rate-of-nitrogen treatments. This was attributed to excessive wa-
ter during late June which caused damage to the stand, especially to
Sudan grass.
C. Relationship Among Certain Chemical Constituents
Correlation coefficients among the lignin, crude protein, crude fiber
and dry matter contents of Sudan and millet forages are presented
in Appendix Table 11a. Highly significant (P<.01) negative correlations
were obtained between lignin and crude protein, crude protein and
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crude fiber, and crude protein and dry matter. Results also showed
highly significant positive correlations between lignin and crude fiber,
lignin and dry matter, and crude fiber and dry matter. It is evident that
stage of maturity had the greatest influence on the relationship between
these constituents. As the plants matured, crude protein decreased while
lignin, crude fiber and dry matter increased. Similar values for the above
relationships were obtained in studies conducted by Phillips et al. (84)
at New Hampshire on several varieties of grass. Lancaster {54) also
reported a high positive correlation between lignin and crude fiber.
D. General Discussion
The relative changes in the chemical composition of the forages with
advancing maturity and increasing levels of nitrogen fertilization are
1 2 3 4 5
Cutting (10-day intervals)
FIGURE 2.—Relative changes of some plant constituents in Sudan and millet with
advancing maturity.
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illustrated more clearly in Figures 2 and 3, respectively. It is evident
that the greatest relative changes with aging of plant tissues occurred
in the protein and lignin contents. In general, both lignin and crude fiber
increased with maturity. With the millet forages, however, crude fiber
did not increase continuously up to the seed stage. The decline in per
centage of crude fiber in common millet at the last stage of cutting was
apparently due to the formation of the grains, which resulted in an in-























0 30 60 120 240
Rate of Nitrogen (lb. /acre)
FIGURE 3.—Relative changes of some plant constituents in Sudan and millet with
increasing levels of nitrogen application.
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greatest effect of increasing levels of nitrogen was increasing the protein
content of the plants. Up to 120 pounds of nitrogen, there were no sig-
nificant increases in lignin content. On the other hand, crude fiber de-
creased with each increasing level of nitrogen. These changes can be
attributed to an increase in leaf-stem ratio.
It has been shown by Lancaster {54) that the digestibility of crude
fiber is closely related (r = —0.954) to lignin content. However, evalua-
tion of forages was made not on the digestibility of crude fiber but on
its percentage. Phillips and co-workers {84) stated that since lignin
showed a more regular increase in percentage as plants matured, it could
be considered a better criterion for quality of forage than crude fiber.
SUMMARY
The lignin content and other chemical constituents of two summer
pasture grasses as well as the relationship among lignin, crude protein,
crude fiber a,nd dry matter as affected by stage of maturity and rates of
nitrogen fertilization were studied. The yield of forage as affected by
rate of nitrogen fertilization was also studied. Sudan and millet forages,
fertilized with 0, 30, 60, 120 and 240 pounds of nitrogen per acre, in two
applications, were cut at 10-day intervals. First cuttings on all treatments
were made when the plants were 30-35 inches high. The plants were cut
back to a 6-inch stubble. The forages were harvested for yield when they
reached the silage stage,, or approximately at the stage between boot and
full bloom.
Results on both forages showed that lignin progressively increased
with plant maturity, with values ranging from 3.23 per cent to 6.72 per
cent on the first and fifth cuttings, respectively. The percentages of crude
protein decreased significantly from 13.1 per cent to 5.9, with a rela-
tively small decline between the first two cuttings. Crude fiber increased
significantly, with a decline at the fifth cutting which was apparently due
to seed formation, particularly in the millets. Gahi— 1 millet produced
a significantly higher silage yield than Tift Sudan and common millet
at all levels of nitrogen application with the exception of 0-level.
No significant increases in lignin up to 120 pounds of nitrogen appli-
cation per acre were obtained. Crude protein increased significantly from
7.4 to 13.5 per cent, while crude fiber decreased from 32.0 to 30.1 per cent
at the 0- and 240-pound levels, respectively. However, there were no sig-
nificant differences in the crude fiber content at the 30-, 60- and 120-
pound levels. Dry matter, nitrogen-free extract and ash also increased.
Highly significant negative correlation coefficients were obtained
between lignin and crude protein, crude protein and crude fiber and
crude protein and dry matter. Positive correlations were obtained be-




TABLE la.—Analysis of Variance for Lignin Content of Sudan and Millet Forages
Different Stages of Growth and Rates of Nitrogen Fertilization






Nitrogen 4 6.0400 1.5100 5.17**
Cutting 4 134.4135 33.6034 115.00**
Variety 2 1.4627 .7313 2.50
N X C 16 6.3590 .3974 1.36
N X V 8 1.8552 .2319 <1
C X V 8 3.1362 . .3920 1.34
Residual 32 9.3493 .2922
**Significant at P < .01.
TABLE 2a.—Analysis of Variance for Crude Protein Content of Sudan and Mill
Forages at Different Stages of Growth and Rates of Nitrogen Fertilization






Nitrogen 4 354.2101 88.5525 158.90**
Cutting 4 588.1768 147.0442 263.85**
Variety 2 37.5032 18.7516 33.65**
N X C .16 79.6126 4.9758 8.93*
N X V 8 7.1390 0.8924 1.60
C X V 8 8.0168 1.0021 1.80





TABLE 3a.—Analysis of Variance for Crude Fiber Content of Sudan and Mill
Forages at Different Stages of Growth and Rates of Nitrogen Fertilization






Nitrogen 4 36.1419 9.0355 4.53**
Cutting 4 974.0366 243.5091 122.02**
Variety 2 67.3251 33.6625 16.87**
N X C 16 126.5274 7.9080 3.96**
N X V 8 22.2969 2.7871 1.40
C X V 8 126.4742 15.8093 7.92**
Residual 32 63.8638 1.9957
**Significant at P <; .01.
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TABLE 4a.—Analysis of Variance for Dry Matter Content of Sudan and Millet
Forages at Different Stages of Growth and Rates of Nitrogen Fertilization






Nitrogen 4 34.8935 8.7234 4.22**
Cutting 4 2,343.4524 585.8631 283.60**
Variety 2 57.5407 28.7703 13.93**
N X C 16 88.1417 5.5089 2.67
N X V 8 19.5679 2.4460 1.18
C X V 8 43.6691 5.4586 2.64
Residual 32 66.1065 2.0658
**Significant at P < .01.
TABLE 5a.—Analysis of Variance for Nitrogen-Free Extract Content of Sudan and
Millet Forages at Different Stages of Growth and Rates of Nitrogen Fertilization
Sum of Mean
Source of Variance d.f. Squares Square F-Value
Total 74 1,203.0339
Nitrogen 4 77.8766 19.4691 6.44**
Cutting 4 535.1459 133.7865 44.22**
Variety 2 121.9595 60.9797 20.16**
N X C 16 172.9882 10.8086 3.57**
N X V 8 23.8499 2.9812 <1
C X V 8 174.4565 21.8071 7.21**
Residual 32 96.8073 3.0252
'Significant at P < .01.
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TABLE 6a.—Analysis of Variance for Ether Extract Content of Sudan and Mille;
Forage> at Different Stages of Growth and Rates of Nitrogen Fertilization
Sum of Mean
Source of Variance d.f. Squares Square F-Value
Total 74 20.8259
Nitrogen 4 1.3712 0.3428 2.56
Cutting 4 5.3379 1.3345 9.95**
Variety 2 5.0699 2.5349 18.90**
N X C 16 2.3301 0.1456 1.09
N X V 8 1.4568 0.1821 1.36
C X V 8 0.9701 0.1213 <1
Residual 32 4.2899 0.1341
**Signiticant at P < .01.
TABLE 7a.—Analysis of Variance for Ash Content of Sudan and Millet Forages ai
Different Stages of Growth and Rates of Nitrogen Fertilization






Nitrogen 4 32.3515 8.0879 7.85**
Cutting 4 327.5075 81.8769 79.47**
Variety 2 24.3135 12.1567 11.80**
N X C 16 35.6925 2.2308 2.17*
N X V 8 12.8305 1.6038 1.56
C X V 8 20.9465 2.6183 2.54*
Residual 32 32.9695 1.0303
*Significant at P <; .05.
**Significant at P < .01.
26
TABLE 9a.—Analysis of Variance for Silage Yield of Sudan and Millet Forages with
Varying Rates of Nitrogen






Blocks 200.20 66.733 2.762
Treatment
Nitrogen 4 7,291.43 1,822.857 12.002**
Variety 2 5,533.56 2,766.780 18.217**
N X V 8 1,215.03 151.879 6.286**
Error 42 1,014.75 24.161
**Significant at P < .01.
FABLE 10a.—Duncan's Multiple Range Test on Silage Yields in Tons per Acre of
Sudan and Millet Forages with Varying Rates of Nitrogen
Rate of Tift Sudan Common Millet Gahi- I Millet
Nitrogen Stat.^ Stat. Stat.
(Lb. /Acre) Tons Sig. Tons Sig. Tons Sig.
0 5.96 a 7.13 a 8.93 ab
30 7.36 a 8.90 ab 15.08 de
60 9.44 abc 14.70 de 21.41 f
120 12.12 bed 16.04 e 24.46 f
240 12.34 cd 21.08 f 29.25 g
Stat. Sig. means statistical significance. Means followed by letter "a" are significantly different
from those means not having "a"; those followed by "b" are significantly different from those
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